He had not come across congenital cases. Certain fibres might be undeveloped and cause diplacusis.
Referring to the point raised by Dr. Lowndes Yates as to bone conduction, there was the difficulty here that both ears came into play. The explanation given above might extend to binaural diplacusis, or it might not. Barany limited it to cases in which only one ear was affected, and there was no possibility of binaural confusion. When, however, one met with a case in which the condition was unilateral, one knew that the lesion could not be above the medulla.
In reply to Mr. Tucker, he (Dr. Gray) asked whether a pure tone, long continued, would be loud enough in the experiment to produce harmonics in the ear itself? If so, there might be found some corresponding degeneration in the cochlea. He hoped to carry out similar work during the coming year, with new methods of preparing the labyrinth, so that there would be complete series of sections.
Mr. W. S. TUCKER said there was no doubt that when a very intense and pure note came from a loud speaker, harmonics were produced in the ear because of a lack of symmetry in the ear through the loading of the tympanic membrane.
Demonstration of a Model Resonator, designed to illustrate the Mechanism of the Cochlea.
By GEORGE WILKINSON, F.R.C.S.
IN considering the cochlea as a possible resonating system, I would suggest that the most direct line of approach to the problem is somewhat as follows. The basilar membrane appears to be the only possible resonating structure in the cochlea. If it does actually function by resonance, its reactions extend over some 10 octaves. Consequently, it should show a differentiation of structure in its parts corresponding to this extensive range of its reactions. Suppose, for simplicity, we take the limits of pitch perception as 20 to 20,000 d.v. per second: on the basis of the formula for vibrating 21 m, strings this implies that if the differentiation were by reason of the length of the basilar fibres alone, the longest would require to be one thousand times longer than the shortest, or, if it were by mass or tension alone, the proportion would be 1 to 1,000,000. We know from anatomical observation that the length of the basilar fibres varies between the limits 1 to 3. This leaves a variation of 333 units of frequency to be accounted for by variations in tension or mass, or both concurrently. If the variation were of tension alone, the tensions would have to have a range of 1 to 111,000. Have we evidence of variation in the tensions of the basilar fibres ? The answer is supplied by the striking variations in density and bulk of the spiral ligament attaching the basilar fibres to the outer wall of the cochlear galleries, which was first poinited out by Dr. Gray in 1900. It would be difficult to give any alternative explanation of this striking graduation of the spiral ligament other than that of a corresponding graduation of tensions of the basilar fibres, and indeed it would be difficult to imagine any other means by which such a graduation could be effected. But if tension alone is concerned, the necessary range of tensions seems excessive. It is hundreds of times greater than the range of tensions employed in any of our stringed instruments. The lowest tensions must be sufficient to straighten out the fibres, and to provide an appreciable resistance to deformation of the fibres by stresses acting across them, whilst the highest tensions must be sufficiently below the breaking strain to leave a margin of safety. There must be very few kinds of fibres that would stand up to such an extensive range of tensions.. Is there any indication in the cochlea of a graduation of mass such as would lower our estimate of the range of tensions required to give the full pitch range ? In former writings I have suggested that the indication of graduation by mass is to be found in the fact that the basilar membrane is immersed in fluid. This would act as a load on the basilar fibres, similar to the copper wire with which the bass strings of a piano or harp are loaded. Those transverse sectors of the basilar membrane which are placed at the proximal end of the scale, nearest to the round and oval windows, would be lightly loaded, whilst those at the distal end would be heavily loaded by long columns of fluid. Note that the differentit%tion of the basilar membrane by all these factors-length, tension, and mass-is in the same sense so far as is required to graduate its periods of vibration. The shortest fibres are the tightest and the least heavily loaded, whilst the longest are the least tense, and the most heavily loaded. I where n = number of vibrations per sec., 1 = transverse breadth of the basilar membrane at the particular level of the scale concerned, Tthe total tension on the basilar fibres comprised in the transverse sector, dthe sum of the distances of the sector from the round and oval windows, and b = the width of the sector. I have recently been experimenting with a large-sized model 40 cm. long, which has special advantages in investigating the question of the fluid load, as theoretically this factor should be very large in comparison to the other factors in models on such a large scale. By removing the glass window from the top of the model, one converts it from a closed box into an open trough. By drawing off the fluid in the model in successive stages the amount of the fluid load can be progressively reduced, and the rise of pitch of the different transverse sectors resulting from the lessening of the fluid load can be observed. I have tabulated the results observed on the accompanying charts.
The conclusions I have drawn from these observations are that:
(1) The basilar membrane of the model is thrown into localized vibration at one level, by the application of a sounding tuning-fork to the stapes. The locus of the vibration varies with the pitch of tuning-fork.
(2) There can be no question that, in the models, the immersion of the basilar membrane in fluid causes a very considerable lowering of the natural frequencies of vibration of the basilar fibres over the whole scale.
(3) This lowering of pitch is somewhat greater at the distal end of the scale than at the end nearest the windows.
(4) Neither the absolute lowering of pitch of the whole scale nor the relative lowering at the distal-as compared with the proximal-section of the membrane is as great as anticipated on the basis of the hypothetical formula n =-V 21 db
Consequently, the formula does not actually express the relative value of the fluid load in terms of mass. Probably the relationship of the various physical factors governing the periodicity of vibration of the various sectors of the basilar membrane is much more complicated than that expressed by the formula. 
